This paper studies the electrochemical behaviour of activated carbons with different oxygen content and investigates the contribution of pseudocapacitance to the global behaviour of the
INTRODUCTION
Supercapacitors have a significant potential as an alternative or complement to other energy storage or generation devices such as secondary batteries and fuel cells [1] . Carbon materials have been shown as the most attractive electrode materials for these supercapacitors, as a consequence of their relatively low cost, high surface area and availability [2] . In particular, activated carbons obtained by chemical activation of mesophase-derived precursors generally 5 The activated carbon AC obtained after chemical activation with KOH is highly microporous, as indicated by the volume of adsorbed nitrogen and the shape of the isotherm (Type I) shown in Figure 1 . The textural parameters obtained from the isotherm are summarised in Table 1 . The total pore volume of this carbon is 0.85 cm 3 /g, most of the pores being micropores (88 %), with an average pore diameter of 0.97 nm. The micropore volume estimated from the CO 2 isotherms is significantly lower than that obtained from the N 2 ones, this indicating that the contribution of narrow micropores is negligible. The contribution of mesopores to this sample is rather insignificant (0.10 cm 3 /g). The microporous surface area and the BET surface area are both very high, as a result of the high volume of micropores present in the sample.
When the activated carbon is treated at 600°C, the total pore volume decreases slightly (Table 1 and Figure 1 ), the type of porosity remaining essentially the same as for the activated carbon AC. However, when the heat treatment temperature is increased up to 1000°C, the texture of the activated carbon changes more significantly. The decrease of total pore volume and average micropore size is the result of the textural reorganization which occurs during the treatment at higher temperatures.
The data given by elemental analysis, XPS, TPD reveal that the amount of oxygen present in the samples decreases very significantly from AC to AC-600 and AC-1000 ( Table 2 ). The higher values measured by XPS in comparison to elemental analysis indicate that oxygen is mainly located at the surface of carbons. The reduction of the oxygen content caused a significant increase of pH, which varied from 2.8 for AC to 7.3 for AC-1000, suggesting that AC contains carboxylic groups, which are removed after heat treatment up to 1000°C. This is in agreement with the results given by TPD experiments (Table 2 ). Figure 2 shows the TPD 6 profiles obtained for the samples, showing the evolution of CO 2 and CO. Upon heating carbon materials, CO 2 evolves at low temperature as a consequence of decomposition of carboxylic groups, lactones or anhydrides [10] . CO evolution occurs at higher temperatures, due to the decomposition of basic or neutral groups such as phenols, ethers and carbonyl groups. For the three activated carbons under study, CO evolved in larger amounts than CO 2 .
As could be expected when the activated carbon was heat treated at only 600ºC, most of the acidic groups were removed, whereas the groups responsible for the CO evolution are still present. After the treatment at 1000ºC most of the oxygenated functional groups are removed. Figure 3 shows an example of the charge-discharge curves obtained for the different samples at 1 mA and that were used to calculate the specific capacitance of the samples. The coulombic efficiency was high for all the samples studied (higher than 99 %). Figure 4 shows the influence of current density on the specific capacitance values determined for the three carbons using a two-electrode cell in H 2 SO 4 medium. As could be expected, the sample AC, with the highest pore volume and surface area, demonstrates the highest specific capacitance.
Electrochemical Characteristics

H 2 SO 4 as electrolyte
Thermal treatment provokes a reduction of capacitance, which is quite important for the sample treated at 1000°C. The decrease of capacitance is significantly larger than it could be expected from the variations of specific surface area/pore volume induced by heat treatment of the samples. Therefore, it is reasonable to assign these changes to the modification of oxygenated surface functionality. It is well known that the presence of oxygenated groups may cause the capacitance to arise from quick Faradaic charge transfer reactions (pseudocapacitance) as well as from electrostatic charging [5] . Hence, some calculations have been made in order to estimate the contribution of pseudocapacitance to the 
